This study examined whether the association of household income with fresh fruit and vegetable consumption varies by the level of education. Data were derived from mail surveys carried out during 2000-2002 among 40-to 60-year-old employees of the City of Helsinki (n ¼ 8960, response rate 67%). Education was categorized into three levels, and the household income was divided into quartiles weighted by household size. The outcome was consumption of fresh fruit and vegetables at least twice a day (58% among women and 33% among men). Beta-binomial regression analysis was used. Among women, higher income resulted in equally higher consumption of fruit and vegetables at all educational levels, that is, similar among those with low, intermediate and high education. Among men, the pattern was otherwise similar; however, men with intermediate education differed from those with low education. We conclude that the absolute cost of healthy food is likely to have a role across all income groups.
Introduction
Consumption of fruit, vegetables and other healthy foods typically follows a socioeconomic gradient by education, income and other socioeconomic determinants (Lallukka et al., 2007; Roos et al., 2008) . Education and income reflect common ranking in society, with education indicating knowledge and attitudes about healthy food habits and income indicating material resources (Bartley et al., 1999) . Income is thus assumed to shape food habits by providing better opportunities and affordability to purchase healthy food. Although many studies have examined the associations of education and income with consumption of fruit and vegetables (Kamphuis et al., 2006; Roos et al., 2008; Prättälä et al., 2009) , the associations of income across educational levels are poorly understood.
The aim of this study was to examine the associations of income with fresh fruit and vegetable consumption at different educational levels. This is performed as one might assume that the effects of income on fruit and vegetable consumption vary between those with high education compared with those with less education.
Methods

Data and measures
Data were derived from the Helsinki Health Study baseline mail questionnaire surveys conducted among 40-to 60-yearold employees of the City of Helsinki, Finland, during 2000-2002 (n ¼ 8960, response rate 67%) (Lahelma et al., 2005) . The respondents were asked how often during the previous 4 weeks they had consumed various food items. We examined responses to reported frequencies of 'fresh vegetables and salad' and 'fresh fruit and berries' consumption. The seven response alternatives ranged from not at all to twice a day or more often. Fruit and vegetable consumption was measured by summing up frequencies of fresh fruit and berries, and fresh vegetable consumption. This was performed as most fruit and vegetables are consumed fresh in Finland (Paturi et al., 2008) . Fruit juices, potato consumption and vegetablebased dishes were inquired about in separate items, but these were not examined in this study to keep the focus on fresh fruit and vegetables only. Furthermore, the item about fruit juices combined various types of juices including those with added sweeteners. Those who reported consumption of fresh fruit or vegetables at least twice a day on average during the previous 4 weeks were classified as frequent consumers. Among the participants, 95% returned their questionnaires between March and May, when the consumption mostly relies on imported fresh fruit and vegetables.
Education was categorized into low (primary or vocational school), intermediate (matriculation/college) and high (university degree) levels. Household income was reported excluding taxes and including any transfers during an average month. Income level was weighted by the number of people living in the household using an Organisation for Economic Co-operation and Development (OECD)-modified equivalence scale (Hagenaars et al., 1994) , and divided into quartiles separately for women and men.
Statistical analysis
First, we cross-tabulated the prevalence of fruit and vegetable consumption by educational and income levels ( Table 1) . Next, we fitted a series of beta-binomial regression models, which took into account the overdispersion in both women and men. The research question was examined using Wald's test to test for the null hypothesis that the regression coefficients for a linear trend by income are similar at all educational levels, known as the trend homogeneity test. Pairwise comparisons between educational levels were also examined. The analyses were performed using SAS program, version 9.1.3, (SAS Institute Inc., Cary, NC, USA) and R program, version 2.8.1 (R-Foundation, http://www.r-project.org/).
Results
Frequent fruit or vegetable consumption was reported by 58% of women and 33% of men (Table 1) . Income was similarly associated with consumption at all levels of education among women in the beta-binomial regression models. When income was higher, consumption of fruit and vegetables was higher irrespective of the level of education. In men, the pattern was otherwise similar; however, among men with intermediate education, the association of income with fruit and vegetable consumption differed from those with low education (P ¼ 0.04). Although household income showed additive effects on the consumption of fruit and vegetables at all educational levels, the prevalence of fruit and vegetable consumption among women with low educa- Income, education and fruit and vegetable consumption T Lallukka et al tion and high income was 62% compared with 53% among women with high education but low income. The corresponding figures for men were 35 and 29%, respectively. Furthermore, even women with the lowest level of both education and income consumed more fruit and vegetables than did men with the highest level of both education and income. Finally, as the cost implications for fruit consumption might be different from that of vegetables, we also tested the hypothesis separately for fruit and vegetable consumption with four outcomes (fresh fruit or vegetable consumption once a day or more often and fresh fruit or vegetable consumption twice a day or more often, data not shown). The trend homogeneity remained statistically nonsignificant. Thus, the coefficients for linear trend income were the same according to educational levels for all outcomes, that is, for both fresh vegetables and fruit among both women and men in all these separate confirmatory analyses.
Discussion
This study examined the association of income with fruit and vegetable consumption at different levels of education. Our findings show that those with low education similarly report higher consumption patterns if they have higher income than did those with intermediate or high education. Thus, low educated women and men similarly benefit from higher income in terms of higher fruit and vegetable consumption. Moreover, even in this relatively affluent employed population, the highly educated do not surpass those with lower education in their consumption of fruit and vegetables if their income is low. As fruit and vegetables are among the key food items contributing to high overall costs of a healthy diet (Cade et al., 1999) , their consumption is most likely to be cut down if the income level is low. In other words, owing to economic constraints, people with low income may tend to select foods that satisfy energy need at a lower cost (Darmon and Drewnowski, 2008) . Data collected from the United Kingdom confirm that the consumption of fruit and vegetables gradually increases with higher income, whereas the share of income spent on food in general is lower (WHO Regional Publications, European Series, 2004) . These findings suggest that the absolute price level is important across population subgroups. Furthermore, in a recent European comparison, the prices of vegetables were highest in the Baltic and Nordic countries (Prättälä et al., 2009) . This further highlights the importance of low income as a barrier to purchase fruit and vegetables in these countries. Our results also suggest that the effect of income and thus the cost implications are likely to be similar for both fruit and vegetables. Moreover, this inclusion of fresh fruit was a special advantage of our study, contributing to the novelty of the findings, compared with previous evidence dominantly focused on fresh vegetables only. One might have expected the results to differ for fresh vegetables that may be available at cheaper prices than fresh fruit or berries.
The limitations of this study include first cross-sectional design and unavailable long-term consumption data. Second, fresh fruit and vegetable consumption was measured on the basis of frequencies rather than the actual magnitude of intake. Third, the maximum response alternative was twice a day, which is low with regard to health promotion recommendations. Differences across income levels could be clearer for higher cutoff points, for example, 4-5 times a day. In addition, we were unable to include consumption of canned fruit, frozen fruit or fruit juices, which, nevertheless, contribute only modestly to the overall level of fruit and vegetable consumption in Finland (Nutrient Balance, 2008, http://www.mmmtike.fi/en/). The strengths of the study include, first, a large cohort of middle-aged employees with stable income. However, it is acknowledged that the examined cohort is not representative of the whole population or of all employees. Second, household level income was available and it is assumed to be more important to purchasing healthy foods. The consumption patterns are likely to be lower, and the educational and income differences to be even larger in the general population (Roos et al., 2008) .
In conclusion, higher income was similarly associated with fruit and vegetable consumption among those with low, intermediate and high education, suggesting that improved affordability might provide effective means to enhance fruit and vegetable consumption equally through all socioeconomic groups. The most vulnerable population groups not represented in our occupational cohort may, nevertheless, need more effective means to increase their consumption of fruit and vegetables. Lower prices could be achieved through various approaches, including fiscal ones. Furthermore, the effect of income at different levels of education can be found even among the relatively advantaged employed population.
